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Introduction: Later this year two imaging radars
will fly to the Moon to map the polar regions and
search for ice. These ice deposits would represent a
significant potential resource for the manned human
base that is to be set up at one of the Moon’s poles late
in the next decade. In addition to looking for ice these
radars will return data of interest to lunar scientists.

Lunar Ice: The existence of ice in the polar cold
traps of the Moon has long been an intriguing possibil-
ity [1]. The Clementine spacecraft conducted a radar
bistatic experiment in 1994, which supported the idea
of an ice deposit within Shackleton crater, near the
south pole [2]. However this result generated contro-
versy [3,4] and there is still disagreement whether ob-
served polarization anomalies are due to ice [5]. How-
ever there is no argument related to the discovery by
Lunar Prospector of enhanced hydrogen levels in the
polar regions [6]. The question is whether this hydro-
gen is in the form of water ice. By mapping the dark
areas near the poles and determining the backscattering
properties of these surface materials, we will place
firm constraints on the nature and occurrence of water
ice deposits on the Moon.

The Instruments: An orbiting SAR provides the
most robust method of obtaining a positive indication
of ice deposits. One big advantage of orbital SARs
compared to Earth based radar data is that ALL areas
on the Moon can be seen. The 6° inclination of the
Moon’s orbital plane around the Earth means that large
areas of permanent shadow that might contain water
ice can never be seen from Earth, and areas that can be
seen are viewed at high incidence angles, which re-
duces the coherent backscatter predicted for ice depos-
its. However all permanently shadowed regions will
be imaged multiple times by an orbiting radar with
incidence angles favorable for determining their scat-
tering properties.

The Mini-RF instruments are lightweight SAR ra-
dars that will fly on the Indian Space Research Organi-
sation’s (ISRO’s) Chandrayaan-1 and NASA’s Lunar
Reconnaissance Orbiter missions. Mini-RF will use a
different analytical approach to look for ice. Classi-
cally the key parameter used to determine if ice is pre-
sent is the circular polarization ratio (CPR). This is
equal to the same sense (i.e. the left or right sense of
the transmitted circular polarization) divided by the
opposite sense circular polarization signals that are

received. Volumetric water-ice reflections are known
to have larger CPR than usually observed from surface
scattering.

Mini-RF will use an hybrid dual polarization tech-
nique, transmitting a circular polarized signal (either
Right or Left Circular Polarization) and then receiving
Horizontal and Vertical polarization signals, as well as
the phase information between the two polarizations.
This is an unusual architecture, but it preserves all of
the information conveyed by the reflected signals.
From these data we will determine all four Stokes pa-
rameters of the backscattered field. The Stokes pa-
rameters offer a very powerful tool to investigate the
nature of lunar radar backscatter. In addition to calcu-
lating the response at both circular polarizations and
the CPR value, it will also be possible to derive proper-
ties such as the degree of polarization and the degree
of linear polarization, which will help to distinguish
between multiple surface reflections versus volume
scattering. This is key in trying to determine if the
nature of the returned signal is due to an ice-regolith
mixture, or simply rocks on the lunar surface.

The Missions: Mini-RF instruments are flying on
both the Chandrayaan-1 and LRO missions, both due
for launch to the Moon in 2008.

Chandrayaan-1: ISRO’s lunar orbiter is scheduled
for a Fall 2008 launch. It will conduct a detailed
analysis of the lunar surface using eleven instruments
over the course of the two year nominal mission from
an altitude of 100 km.

The main goal of Mini-RF on Chandrayaan-1 is to
conduct systematic SAR mapping polewards of 80° for
both poles. Mini-RF will use S-band and have a spa-
tial resolution of 75 meters per pixel. Mini-RF can
also operate in a scatterometry or “vertical SAR”
mode. In this mode the Chandrayaan-1 spacecraft is
rolled so that the antenna is oriented to point to nadir.

Lunar Reconnaissance Orbiter: NASA’s LRO is
currently scheduled for a late 2008 launch. It is carry-
ing six instruments plus the technology demonstration
Mini-RF radar. LRO will orbit the Moon at an altitude
of 50 km for a nominal mission duration of one year.

Mini-RF on LRO is an enhanced instrument rela-
tive to the one flying on Chandrayaan-1. It operates in
both S band (like Chandrayaan-1) and X-band. Also
as well as the baseline resolution (75 meters per pixel)
it can also operate in zoom mode with a spatial resolu-
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tion of 15 meters per pixel. The goal is to target areas
already identified by Mini-RF on Chandrayaan-1 as
potential ice deposits and use the enhanced capabilities
of Mini-RF on LRO to further investigate these areas.

Mini-RF on LRO also has the capability to acquire
data applicable for topographic processing. Topogra-
phy products can be derived using interferometric or
SAR stereo techniques. The current mission allocation
permits the acquisition of 20 data takes applicable for
topographic processing, similar to the SAR Con-Ops.

A third goal of Mini-RF is a communication ex-
periment, which will measure how the Mini-RF tech-
nology can be used in a communications role. Mini-
RF may act as the back-up communications for the
LRO spacecraft.

Additional Science: Whilst most of the mini-RF
observations will concentrate on the lunar poles, we
hope to acquire additional data of scientifically inter-
esting areas. One area of scientific interest where
mini-RF could make a significant contribution is the
study of pyroclastic deposits. Pyroclastic deposits re-
cord the early history of volcanism on the Moon and
they contain mineral resources (metal oxides and vola-
tiles) of potential future use. The dual-polarization
capability of mini-RF, combined with information
about the geologic setting derived from optical and
infrared imagery, can be used to estimate dielectric
constants, investigate the amount of surface vs. subsur-
face scattering, search for areas that are rock poor at
the wavelength scale, and estimate the thickness of any
thin mantling deposits that that radar wave penetrates
[7, 8, 9]. Recent ground-based radar studies of the
Moon are a good example of how radar can detect fea-
tures that are not visible using other remote sensing
methods. For example, Arecibo and Green Bank Tele-
scope images of the Aristarchus Plateau at 13-cm
wavelength reveal bright streaks that cross some areas
of the pyroclastic deposit [9]. Optical images show no
corresponding albedo changes; the radar is uniquely
able to detect embedded blocky material and locate
relatively “rock-free” areas of the deposit. Longer
wavelength (70 cm) radar, penetrates through the py-
roclastic deposit and detects lava flows buried under
~15 m of mantling material [9].

There are hundreds of mapped pyroclastics depos-
its on the Moon [10], but it will be particularly interest-
ing to use mini-RF to investigate local areas of large
pyroclastics that have complex surrounding terrain
(such as Aristarchus), and to investigate pyroclastics
that are on the limbs and farside of the Moon, where it
is difficult or impossible to obtain radar images from
Earth. One potential target is the Orientale pyroclastic
deposit, which is an optically dark ring, about 160 km
across, on the southwest side of Orientale basin [10,

11, 12]. The ring shape, lack of associated mare de-
posits, and a visible central source vent make this de-
posit unique. In ground-based radar images, the inci-
dence angle is very high and shadows prevent a good
view of the deposit. Mini-RF observations of the
darker parts of the Orientale pyroclastic could help
establish its depth and physical properties. As Mini-
RF data is acquired over multiple targets, it will also be
interesting to compare the radar-derived physical prop-
erties of the different pyroclastic deposits.

It is hoped to use both Mini-RF instruments to con-
duct a spacecraft to spacecraft bistatic imaging ex-
periment (Figure 1). A signal would be transmitted
from Mini-RF on Chandrayaan-1 and received by
Mini-RF on LRO. Analysis of the returned backscatter
signal as a function of phase angle of the same area on
the Moon would provide potentially the most definitive
remote technique for discriminating between ice and
rock units.

Data Availability: All raw data as well as proc-
essed data including higher order products such as mo-
saics will be made available to the scientific commu-
nity. This will be achieved by archiving of the data to
the Geosciences node of the PDS.
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Figure 1. Coordinated bistatic iméging by two orbiiind -
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